Reconstruction for concurrent infection of an ipsilateral total hip arthroplasty (THA) and total knee arthroplasty (TKA) is a challenge. We report a 2-stage reconstruction of a THA for chronic infection of both the THA and TKA with severe femoral bone loss secondary to interprosthetic fractures. The reconstruction involved using a custom-made, temporary, antibiotic-impregnated PROSTALAC spacer mated with an intramedullary nail. The acetabulum was then exposed and the necrotic cartilage was removed and curetted. The acetabulum was reamed to accept a PROSTALAC acetabular shell. The shell was cemented into the acetabulum with antibiotic cement. The custom-made spacer was then inserted distally first into the tibia. The distal end of the intramedullary nail was interlocked with a bicortical bolt to minimise nail rotation. Antibioticimpregnated cement was moulded around the nail and spacer. The proximal end of the spacer was then reduced into the acetabular socket, and the joint Mating of a PROSTALAC spacer with an intramedullary nail for reconstruction of an infected interprosthetic femoral shaft fracture: a case report 2012;20(2):263-8 was irrigated and the wound closed. A customised abduction brace was fitted, and partial weight bearing was allowed. Sufficient leg length, soft-tissue tension, and range of hip motion were restored, and a total femur and constrained liner was re-implanted 4 months later. Mating of an intramedullary nail with a PROSTALAC spacer is a viable reconstructive option.
introduction
Reconstruction for simultaneous infection of an ipsilateral total hip arthroplasty (THA) and total knee arthroplasty (TKA) is a challenge. Treatment options include resection arthroplasty, 1 one-stage reconstruction, [2] [3] [4] multiple-stage debridements, joint arthrodesis, amputation, and antibiotic therapy. In 2-stage reconstruction, [5] [6] [7] [8] [9] [10] temporary antibioticloaded spacers are used to maintain leg length and mobility and provide antibiotic treatment. Up to 95% of infections in THA may be eradicated with these spacers. [11] [12] [13] Nonetheless, sufficient host bone is needed for placement and anchoring of the temporary spacer, which may become problematic when severe bone loss is present. 14 Multiple reconstructions and chronic infection of a periprosthetic joint may necessitate resection of the prostheses and bones. The leg length and stability needed may be inadequate for the traditional 2-stage reconstruction, particularly in patients with concomitant interprosthetic fractures. [15] [16] [17] In patients with severe bone loss, commercially available devices can be converted into custom-made spacers. 18 We report a 2-stage reconstruction of a THA using a custom-made, temporary, antibiotic-impregnated spacer mated with an intramedullary nail for chronic infection of both the THA and TKA with severe femoral bone loss secondary to interprosthetic fractures.
case report
In October 2008, a 68-year-old woman presented with severe pain and dysfunction of the left knee and a draining sinus. She had previously undergone TKA and then THA of the left leg for osteoarthritis in 2003 and 2007, respectively. Physical examination, inflammatory markers, and radiological findings confirmed the diagnosis of periprosthetic knee infection.
During revision TKA, the device and cement were removed, and the tissues debrided. Cultures from the infected site grew methicillin-resistant Staphylococcus aureus, which was resistant to levofloxacin, erythromycin, and clindamycin. Three months later, the patient was re-implanted with a constrained TKA without complication.
Three months after revision TKA, the patient sustained a femoral fracture between the knee and hip prostheses (Fig. 1a) . This interprosthetic fracture was fixed with a plate and multiple Cerclage cables.
Two months later, the patient fell again and sustained a displaced femoral shaft fracture and failure of the fixation (Fig. 1b) . She also exhibited signs of a recurrent periprosthetic knee infection. It was decided to remove the infected knee prosthesis and fixation hardware of the femur, as well as to resect the remnant distal femur owing to infection. The knee prosthesis was accessed via the previous midline incision with parapatellar arthrotomy. The extensor mechanism and patella were carefully protected and preserved. This incision was connected to the laterally based femur incision to expose the fracture site for debridement and hardware removal. All of the femoral bone distal to the fracture, the fixation hardware, and all components of the knee prosthesis were removed. As intramedullary margins were negative for infection, the THA prosthesis was retained. A static antibiotic-loaded spacer was placed at the knee, and a course of intravenous antibiotics was given. Surgical cultures from the site of the resected TKA grew methicillin-resistant Staphylococcus aureus. After removal of the fixation hardware and knee prosthesis, a custom-made antibiotic-loaded spacer was implanted. This spacer consisted of a femoral nail extending from the tibial shaft to just below the distal aspect of the THA femoral stem. Mesh was placed around the rod and distal femur and secured using 2 cables. Antibiotic cement containing both vancomycin and tobramycin was packed into the mesh around the femur and the proximal tibia to increase the stability of the construct. The patient tolerated the procedure well and was again given a course of intravenous antibiotics.
Five weeks later, the patient again sustained a fracture of the custom-made antibiotic-loaded spacer and mesh (Fig. 1c) . Additionally, inflammatory markers (erythrocyte sedimentation rate and C-reactive protein) were again elevated. It was decided to remove all hardware from the femur (including the THA) if infection was present near the implant. The patient was placed in the lateral decubitus position on a Jackson table under fluoroscopy. Incision was made using the existing midline incision of the knee and connected to the laterally based femur incision. After exposing the fracture, purulence was noted to extend to the stem of the THA. The existing proximal lateral incision was used for exposure of the proximal femur and hip. A direct lateral approach using prior surgical planes enabled adequate access to the hip. A subperiosteal abductor sleeve was raised to preserve the residual abductor mass. All necrotic tissue was removed, and the THA was extracted (Fig. 2a) . Tissue and fluid samples were cultured, and the hip and knee joints were copiously irrigated.
As the longest cephalomedullary device available was too short to span the entire length of the femur and unable to prevent a tibial stress riser from prior spacer placement, a custom-made device was made to bridge this gap and ensure proper articulation of the joint. The proximal aspect of a 420x11.5 mm intramedullary nail was modified with a metal-cutting burr (Fig. 2b) to mate with a size #1 PROSTALAC spacer (Fig. 2c) .
The acetabulum was then exposed and the necrotic cartilage was removed and curetted. The acetabulum was reamed to 50 mm to accept a 43-mm PROSTALAC acetabular shell. The shell was cemented into the acetabulum with antibiotic cement. The custom-made spacer was then inserted distally first into the tibia (Fig. 3a) . The distal end of the intramedullary nail was interlocked with a bicortical bolt to minimise nail rotation using a perfect circle technique (Fig. 3b) . Antibiotic-impregnated cement was moulded around the nail and spacer (Fig. 3c) . The proximal end of the spacer was then reduced into the acetabular socket, and the joint was irrigated and the wound closed. Drains were placed, and a long posterior splint was used. Immediate postoperative radiographs demonstrated that the custom-made spacer was placed satisfactorily (Fig. 4) . A customised abduction brace was fitted, and partial weight bearing was allowed.
Cultures from the left hip site grew methicillinresistant Staphylococcus aureus, which was resistant to levofloxacin, erythromycin, and clindamycin, whereas cultures from the left knee and distal femur grew Klebsiella pneumoniae, which was resistant to piperacillin and ampicillin. Four months later, inflammatory markers were normalised, and signs of infection were absent. The patient underwent re-implantation with a total femur and constrained liner, including a Freedom Liner (Biomet, Warsaw [IN] , USA), +6 head, 17-mm neutral proximal body segment, 125-mm intercalary segment, and a distal femoral replacement device (Fig.  5) . Sufficient leg length, stability, and motion were attained with the implant, and partial weight bearing was allowed. The patient reported improvements in pain and function and was able to ambulate short distances with the assistance of a walker. However, 18 months following re-implantation of the total femoral prosthesis, she developed breakdown of her incision around her TKA. Despite multiple debridements and a rotational flap to cover the area, infection persisted and the patient underwent hip disarticulation to eradicate the infection. discussion Custom-made spacers described in previous studies are inadequate when severe bone loss is present. [19] [20] [21] [22] [23] We used a PROSTALAC hip spacer mated with an intramedullary nail to enable leg mobility, preserve soft-tissue tension, and eradicate infection, while awaiting total femur reimplantation. In 2-stage reconstruction, systemic antibiotics combined with locally eluted antibiotics from a spacer enable eradication of infection, [24] [25] [26] while the softtissue envelope is maintained by the spacer until reimplantation. 27, 28 The spacer also provides joint articulation at the hip, which enables mobility and minimises morbidity associated with long-term bed rest. 29 As the numbers of periprosthetic infections 30 and primary and revision arthroplasties 28, 31 increase, the number of 2-stage revision arthroplasty procedures also increases. In patients with minimal bone loss, commercially available spacers are effective. [32] [33] [34] [35] [36] [37] However, antibiotic-resistant bacteria 38 and periprosthetic fractures 39, 40 render off-the-shelf spacers inadequate, particularly in patients with severe bone loss and poor bone quality secondary to repeated fractures and surgical procedures.
In our patient, extensive infection and multiple revision surgeries necessitated removal of the prostheses and the femur. A sufficiently long, antibiotic-loaded, articulating hip spacer was required to provide mobility and preserve leg length and muscle tension, while eradicating the infection. An extremely long spacer spanning the distance from the acetabulum to the tibial shaft was needed to minimise stress risers in the mid-shaft of the tibia.
Customised, articulating spacers are effective in patients with severe bone loss. 41 An antibiotic-loaded, articulating spacer constructed from a Rush pin may be customised for various lengths and diameters, but the length of the Rush pin is insufficient for complete femoral bone loss and proximal tibial instrumentation. 42 Other nail/pin constructs become unstable when spanning the distance from the hip to the knee joint. 28 A custom-made spacer using a spinal fixation rod is effective in patients with severe bone loss or fracture, but its structural integrity is unproven when the rod spans the entire length of the femur. 41 A spacer using a tapered cement dowel as a stem that is fabricated from the nozzle of the cement gun is not effective in patients with severe femoral bone loss. 36 Furthermore, the strength of the dowel is insufficient to span the knee joint. Hand-moulded cement prostheses enable a degree of flexibility for different levels of bone loss in the femur but have been complicated by dislocations and fractures of the devices, 1, 32 particularly in patients requiring a long spacer to bridge comminuted or poor-quality bone. The use of a Kuntscher nail inserted into an Exeter stem provides sufficient length, but the components require end-to-end cementation within the femoral canal, which risks component breakage with severe weight-bearing stresses. 43 Our custom-made PROSTALAC spacer mated with an intramedullary nail was effective in bridging the gap from the acetabulum to the tibia. Mobility was enabled, while the remaining host bone was protected in anticipation of total femur reimplantation. The interface between the PROSTALAC spacer and the intramedullary nail was supplemented with antibiotic-loaded cement to further increase construct integrity.
